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SUBJECT: cConsiderations in Ground-Water Remediation at Superfund
Sites ~-- Update

TROM: Don R. Clay
Assistant Administra<tor

TO: Waste Management Diwvision Directors

Regions I, IV, VvV, VI, ¥II, VIII

Emergency and Remed:al Response Division Director
Region II

Hazardous Waste Management Division Directors
Region III, IX

Hazardous Waste Division Director
Region X

Turongose

The purpose ©f this Directive 1s to clarify Superfund's
apprcach to remediating contaminated ground water and to
summarize on-going activities designed to address some of the
Tmore complex problems associated with ground-water remediation.

sackcround

Ground-water contaminaticn is one of the most prevalent and
challenging problems for Superiund, affecting more than 70% of
the sites on the National Pricrities List. The Office of
Imergency and Remedial Response (OERR), completed a study in 1
which was designed to evaluate the performance of ground-water
extraction systems. The stucdy focused on 19 sitet that had
orerating ground-water extraction systems. Recently, an update
and expansion of this study has been completed. The findings
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from the extraction evaluation study,’,2 and subsequent studies

by EPA and others have identified factors that, in some cases,
aprear to impede the ability of currently available technologies
to restore contaminated ground water to its beneficial uses
throughout the contaminated area. There has been confusion over
the implications of these findings and EPA policy as outlined in
recent Directives’,‘.

Objective

The objective of this Directive is to ensure a consistent
and sound approach to ground-water remediation at Superfund sites
by: 1) clarifying the Superfund position on remediation of
contaminated ground water, and 2) identifying projects currently
underway that will improve our response to contaminated ground
water.

Izplementation
I. Superfund Ground-Water Policy

Under the Comprehensive Environmental Response,
Ceompensation, and Liability Act (CERCLA) and the implementirg
regulation, the National Contingency Plan (NCP), the cleanup goal
fior contaminated ground water is to return ground water to its
ceneficial uses within a reasonable time frame where practiceble.
This premise underlies all remedies designed to address
ccntaminated ground water at Superfund sites. Experience arnd

' u.s. EPA, Evaluation of Ground-Water Extraction Remeillies

TPA/540/2-89/054, Office of Imergency and Remedial Response,
September 1989.

2 y.s. EPA, Evaluation of Ground-Water Extraction Remelies:

se II Preprint, Office of Emergency and Remedial Response,
tember 199%1.

-
-

a
20

> u.s. EPA, "Considerations in Ground-Water Remediaticn at
Superfund Sites" Directive No. 9355.4-03, Office'of solid waste
and Emergency Response, Qctober 18, 1989.

‘U.s. EPa, "Suggested ROD Language for Various Ground-water
Remediation Options'" Directive 9283.1-03, Office of Solid waste
and Emergency Response, Octoker 10, 1990.
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research support the following additional guidelines:

Adequate site characterization data is essential to
understanding and effectively remediating contaminated
ground water. One of the primary findings in the
studies of actual system performance is that there is
rarely sufficient information available to fully
understand how contaminants are moving in the
subsurface. It is essential to have an accurate
picture of the subsurface environment and cocntaminant
form and distribution. Attachment 1 provides a summary
of site characterization data pertinent to evaluating
ground-water remedies.

Aqueous phase plumes should be contained early. It is
generally feasible and desirable to implement a
containment system; e.g. pumping for gradient control,
once the general plume definition phase is zcmplete.
This prevents the contamination from spreazZing further
into uncortaxzinted ground water, thus limiz=ing the area
for which remedial action nmay be reguired.

The presence of non-agueous phase liquids (NAPLs)
should be evaluated. Contaminants present 2s an
immiscible phase in the saturated zone can

suns.anhlallu complicate investigaticn ancd zleanup,
pa’“'cula*‘" 'He e these contaminants are ~:cre dense
than water’. Certain factors can prcvide 2-n indication
that contaminants are present as an inmmiscitle phase
and should cenerally be evaluated prior tc :nitiating

field investigatory work. Attachment 2 pr:
summary of these factors and outlines a pr:
determining the likelihood that DNAPLs are

A

If NAPLs are encountered in a well, they should
generally be removed directly by pumping the immiscible
phase. It is often very difficult to lccats dense
NAPLs (DNxPls) due to their ability to movs vertically
through small discontinuities in the subsur-izace

envircnmenz. However, where they are enccurtered they
should generally be extracted since it is =cre
effective to remove the immiscible ligudid Zirectly than
extract 1t as it solubilizes into the aguecus phase.
3 U.S. EPA, Derse Nonagueous Phase Liqulids EP" 0/2-91-
002, Office of Research and Development/Office of Sc :d waste and

. Emergency Response, March 1951.
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Extraction systems should be monitored carefully and
modified as appropriate to improve effectiveness and
efficiency. Once a ground-water extraction system is
implemented, samples should be collected and analyzed
periodically from wells located throughout the
contaminated zone to assess the plume response to
extraction and determine the need to modify the system
during operation®.

Where it is determined that it is not practicable to
restore portions of the contamipated ground water with
currently established technology, due to the presence
of DNAPLsS, alternate actions, including containment anad
shrinking of the contaminated area should be
implemented. In some cases, evidence will indicate
that DNAPLs are present in the ground water in
localized areas. It may not be technically practicable
to return the ground water in those areas to its
beneficial uses. It is important tc ensure that these
areas are managed to preven* expansicn and migration
into uncontaminated ground water for as long as the
concentrations remain above levels ccrresconding to the
beneficial uses. This likely will T-e'*ul*'e gradient
control to prevent migration of agueous-phase
contanina<cion (and extraction of the INAPLs when
technically feasible). A technical impracticability
waiver is needed for the ground water that will not be
restcred to its beneficial uses.

Efforts should be made to reduce the size of the A
contaninated area to the extent practicable prior to
implexenting a containment rezmedy. =2sed on evidence
collected from operating ground-water extraction
systems, contaminated areas can be suZstantially
reduced in size and large volumes of contaminant mass
removed, even in cases where pcrtions of the plume may
not te fully restored using current technology. This
generally involwves pumping and treating agueous phase
contanination :hat is migrating away ZIrom the zone in
which the DNAPL is located.

Because of the long-term costs and liabdility of
maintaining a ground-water containment system, it will
be beneficial to consider innovative technologies as

6

U.S. EPA, Suggested Fractices for Remedlal Cperation and
Performance
Laboratory, - pr -print.

o)

alu tions, Robert S. Kerr Environzental Research
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they are developed to clean up those portions of the
plume that are being contained.

II. On-Going Activities

There are many recently initiated projects focussed on
addressing some of the difficult ground-water cleanup scenarios.
A workshop of experts in the area of DNAPL movement and cleanup
was held last spring. Proceedings summarizing the general
consensus of this group should be available this fall. OERR is
supperting a long-term research effort by the Robert S. Kerr
Environmental Research Laboratory (RSKERL) to evaluate innovative
technologies that will be effective in removing NAPLs from the
subsurface. OERR will be working closely with RSKERL to develop
guidances on site characterization, remediation, and performance
monitoring for DNAPL contaminated sites over the next year.

OZRR is also supporting a National Research Council (NRC)
study, "Alternatives for Reducing Risk from Existing Ground-Water
Contamination" that will assess the current opinions and
experiences with g*ound -water remecdiaticn and lock at alternative
approaches.

Finally, OERR will continue to learn from program
experience. Many ground-water remediation sys:ems are now in
design and construction, so our data bese will grow significantly
over ths next few vears. We will be uuf"O’l these systems
clcsely and will ccontinue to improve our a,proa:h tc assessing
and remediating contaminated ground wazer.

If you would like additional infcrmation tlease contact
Jernifer Sutter (Hazardous Site Control Divisicn) at FTS 3%8-83¢83
or Lynn Deering (OZRR) at FTIS 245-4063.

- o
C 5%
Attachnents

(8
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ATTACHMENT 1

Data Pertinent to Evaluating Remedial Actions for Contaminatead

Ground Water -- Gaps Identified in the Evaluation of Ground Water
Extraction Remedies Phase I and II

Hvdrogeologic Information

1. Number of aquifers and degree of hydraulic connection
between them
2. Location and continuity of lower permeability zones

3. Hydraulic conductivity of each aquifer
4. Yield of each aquifer

5. Stratigraphy -- continuous coring at select wells

5. For NAPL-contaminated sites, additional information can
be important (presented in order of increasing
difficulty to obtain):

o Grain size analysis to obtain rough
predictions of NAPL holding and transmitting
capacity

o} Porosity

] K o) The relationship between the degree of
:&é:, saturation, the capillary pressure, and the
L relative permeability for the wetiing and
1 nonwetting fluids
- o Residual saturaticn for NAPL
6. Potentiozetric gradients

Contaminant Characteristics
1. Location and definition of the sourcs(s) both
horizontally and vertically within the defined site and
verificaticn that there are no other =majcr sources
outside trne defined site.

2. - Type cf waste and form -- liKely presence as NAPL

3. Solubilities of compounds

4. Miscibility of various contaminants -- potential
presence a2s multi-component NAPL

5. Concentrations of contacinants in soil and ground water
-- vertical and horizontal extent of contaminant plume

- 6. Vertical variations in contaminant concentrations
7. Sorption ¢f contaminants to soil, evaluated through (in

decreasing level of accuracy) column studlies, batch
analysis c¢? sorbed concentrations, or parition
coefficient/organic carbon content estimate

8. Presence of NAPLs in ground water sampleq using
interface probe or clear bailer

Remediation Performance Evaluation

1. Piezometers on downgradient side of extracticns wells

2. Changes in vertical and horizontal extent of
contaminant plume as a result of remediation

3. Eydraulic effects of extraction -- water level data

4. Mass of contaminants rexoved by individual extractions

wells
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\ p&‘\ Estimating Potential for Occurrence of
k DNAPL at Superfund Sites

Quick Reference Fact Sheet

‘GOALS

. -Aqueous I.zquxds ONAPLS) in soils and aquez's can comtrol the ulimiate success or Eaflizre of
‘remediation at a hazardous waste site. Because of the complex nature of the DNAPL transpart and fate, however, DNAPL

- may be undetected by direct methods, leading to pocr site assessments and inadequate remedial designs. Sites affected by

DNAPL may reqm:e 2 dxfferent "pand.xgm or conceptual framework. to develop effective cha.ractematxon and remedxa.l
actions (4) '

To help site personnel detezmne if DNAPL~based characterization strategies should be e:nployed ata par::cx.la: site, a
qualitative method far estimating the potential for DNAPL occurrence was developed. Two sources of existing site
information are used:

o Historical Site Use Information » Site Characterization Data

By using available data, sxte RPMs and other dedsion ma.kezs cn enter a system of two flowcharts and a classificadon
matrix for estim ating the potential for DNAPL occurrence at a site. If the potential for DNAPL occurrence is low, thet
conventicnal site assessment and remedial actions may be sufficient. If the potential for DNAPL is moderate or high,
however, a diffezent conceptual approach may be required to account for problems assocatec with DNAPL in the
subsurface.

BACKGROUND

DNAPLs are separate-phase hydrocarbon liquids that are denser than water, such as chlorinated solvents, wood preservative
wastes, coal tar wastes, and pesticdes. Until recently, standard operating practice in a varie(’v of industries resulted in the
release of large quantities of DNAPL to the subsurface. Most DNAPLs undergo only limited degradaton in the subsuriace,
and persist far long periods while slowly releasing soluble organic constituents to grouncw ater through dissolution. Even
with 2 moderate DNAPL release, dissolution may continue for hundreds of years under natural condidons before all the
DNAPL is dissipated and concentrations of soluble organics in groundwater return to background levels.

DNAPL exists in two states in the soil /aquifer matix: free phase DNAPL and residual DNAPL. When released at the
suriace, £ee phase DNAPL moves downward through the soil matrix under the force of gravity or laterally along the surface
of sloping Sne-grained stratigraphic units. As the free phase DNAPL moves, blobs or gasglia are ragped in pores and/or
Eactures by capillary forces (12). The amount of the trapped DNAPL, known as residual saturagon, is a funcson of the
physical properties of the DNAPL and the hydrogeologic characteristics of the aquifer medium and renges up to

50% of total pore volume (18).

Once in the subsurface, it is difficult or impossible to recover all of the tapped residual DNAPL. The conventonal aguifer
remediation approach, groundwater pump-and-treat, usually removes only a small fracton of rapped residual
hydrocarbon (27). Although many DNAPL removal technologies are currently being tested, to date there have been no fieid
demonstrations where all of the released DINAPL has been successfully recovered from the subsurface. Tne DNAPL that
remains trapped in the soil/aquifer matrix acts as a continuing source of dissolved organics to groundwater, preventing the
restoration of DNAPL-affected aquifers to drinking water standards for many years.




DNAPL TRANSPORT AND FATE - CONCEPTUAL APPROACHES

The major factors controlling DNAPL migration in the subsurface include (7): 1) the volume of DNAPL released; 2) the area of infiltraric=:
3) the duration of release; 4) DNAPL properties such as density, viscosity, etc.. and 5) properties of the aquifer media such as pore size,
presence of aquitards, and fractures etc. To describe the general transport and fate properties of DNAPL in the subsurface, a series of

conceptual models (11) are presented in the following figures:.

Case 1: DNAPL Release to Unsaturated Zone Only

After release on the surface, DNAPL moves vertically downward under the force of
gravity and soil aapillarity. Because only a small amount of DNAPL was released, all
of the mobile DNAPL is eventually trapped in pores and fractures in the unsaturated
zone. Infiltration through the DNAPL zone dissolves some of the soluble organic
constituents in the DNAPL, arrying organics to the water table and forming a
dissolved organic plume in the aquifer.

Case 3: DNAPL Pools and Effect of Low-Permeability Units

Mobile DNAPL will continue vertical migration until it is trapped as a residual
hydrocarbon (Case 1 and Case 2) or until Jow-permeability scatigraphic units are
encountered which create DNAPL "pools” in the soil /aquifer matrix. [nthis figure, a
perched DNAFL pool fills up and then spills over the lip of the low-permeability

stratigraphic unit. The spill-over point (or poinrs) can be some distance away fom the

original source, greatly complicating the process of tracking the DNAPL migration.

Case 4: Composite Site

Case 5: Fractured Rock or Fractured Clay System

DNAPL introduced into a fractured rock or fractured clay system follows a
complex pathway based on the distribution of fractures in the original magix. The
number, density, size, and direction of the fractures usually cannot be determined
cue the extreme heterogeniety of a fractured system and the lack of econormical
aquifer characterization technologies. Relatively small volumes of DNAPL aan
penetrate deeply in fractured systems due to the low retention capadity of the
fractures and the ability of DNAPL to migrate through very small (-10 micron)
fractures. Many clay units, once considered to be relatively impermeable to
DNAPL migratio:., often act as a fractured media with preferential pathways for
vertical and horizontal DNAPL migration.

\L—/AW
Yaocse ‘ Ul‘""‘q_
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Case 2: DNAPL Release to Unsaturated and Saturated Zones

if enough DNAPL is released at the surface, it an migrate all the way through the
unsaturated zone and reach a water-bearing unit. Because the specific gravity of
DNAPL is greater than water, it continues downward until the mobile DNAPL is
exhausted and is trapped as a residual hydrocarbon in the porous media.
Groundwater flowing past the trapped residual DNAPL dissclves soluble
components of the DNAPL, forming a dissoived plume downgradient of the DN 7L
zone. As with Case 1, water infiltrating down from the source zone also carries
TSI S 7777 dissolved consdtuents to the aquifer and conributes further to the dissolved piua.

. Wewrs Sarery W Crmrm v Sovm . "W

In this case study, mobile DNAPL migrates vertically downward through the
unsaturated zone and the first saturated zone, producing a dissolved constituen:
plume in the upper aguifer. Although a DNAPL pool is formed on the fracrured 2~
or rock unit, the fractures are large enough o permit vertical migration downwz = :2
the deeper aquifer (see Case 5, below). DNA?L pools in a topographic iow inthe
underlying impermeable unit and a second dissolved constituent plume is formes




Does the industry type
suggest a high

Does Historical Site Use Information Indicate Presence of DNAPL?

probtability of historical
DNAPL release?
(see Table 1)

De '131on':1Cj1i_:a;r’t_‘_‘_l .

rocess or waste practice
employed at the site suggests a

high probability of historical
DNAPL release?
(see Table 2)

Were any
DNAPL - related chemicals

used at the site in large quantities?
(> X0 - 100 drums/year)
- (see Table )

INSTRUCTIONS

'Ga_;ffo Ncr! Bage

TABLE1
IndusTies with high probabiiisy
of Ristorical DNAPL release:

Yood preservation (ceosome)
1d coal gas plants
(=id-1800s to mid- lmOs)

* ElecTonics manufacrusing

» Soivent production

» Pestdde manufacturing

* Hesbidde manufacturing

* Alrplane maintenance

* Cocmmercal dry cleaning

* Instoment manufacruring

¢ Transformer oil p-roduc"o“

* Transformer reprocessing

» Steel industy coking
operadons (coal tar)

» Pipeiine compressor satons

TABLE2

Indust=al processes or waste
disposal pracice with High
p'osam..*v of hnistorical DNA
reiease:

» Metal cleaning/degreasing

* Metal machining

* Tool-and-die operadors

¢ Paint removing/sioping

. S'orage of soivents in
underground siorage @AnKS

. S*O.age of drummed solvents
i unconzined storage areas

» Solven:loading and unloadis

s Disposal of mixed chemical
wastes in land8ls

» Treatment of mixed chemical
wastes in lagoons or ponds

g

Note:

The potential for DNAPL release increases with the

sze

ard active period of cperation for a facility, industrai
process, or uaste disposal pratice.

TABLE3 oDNapL

-Related Chemicals . 11):

Halogenated Volatiles

C-ioroberzene
Z-Dichicropropane
...-Dichicroerrare

.2-Dichjoroetnviene

* 2-Dichloroethane

Tnans: 2-Dichloroethylene

Cs12 ch’doro&nvne'\e

2.l 1-Trxchloroethare

Methviene Chlonde

L 2-Trchloroethane

T nchjoroethylene

Crioroform

Carbon Tetrachioride

1.1 22-Terracploroethane
Tarmachloroethylene
Z:hylene Ditromide

Halogenated

Semi-Volatiies

. +Dichlerobenzene
2-Dichlorobenzene

-.'oclo' 1242, 1268, 12

Criordane

Zieldnin

13,4.6Tetrachlorcphenol

Fentachlorophernci

Non-Halogena:ed
Semi-Volatiles
2-Methv! Nagi-ziene
oLreso!l

pCresoi

2.+ Dimethyvicrenol
m-Cresol

Phenol

Napthalene
Berzo(alAnis—=zene
Flourene
.-\“e,a:n:ne:':e
Antnracene

Divenzo(a,h)Aninracere

Flouranthene
Py:ene
Chrysene
2,4 Duwnitropherns!
Miscellaneous
Coal Tar

Creosote

/Y]
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Has DNAPL

(see Table 4)

ision Chart 2

Do dissolved

Dec

site? (see Table 5)

NAP

Is it likely that

(see Table 6)

Occurrence of D

been found in monitoring wells,
observed in soil cores, or physiaally
observed in the aquifer?

Organic concentrations
indicate the possible
presence of DNAPL at the

the existing field program
could miss DNAPL at the site?

TABLE 4
DNAPL in monitoring wells:
Methods for measuring DNAPL thickness or for
colecing DNAPL samples include 1)
NAPL/water interface probes that signal a change
in the specific conductivity of the borehole fluid, 2)
weighted coticn string lowered o the bottom of
the well, 3) peristalic pumps, 4) transparent
bottorm-loading tailers, and 5) mechanical
discrete~depth samplers. In general, the depth of
DNAPL accuzmulation does not provide

cuantiative information regarding the amount of
DNAPL present (26).

DNAPL in soil cores or cuttings:

Visual examiration of cores or cuttings may not be
effective for confirming the presence of DNAPL
except in cases of gross DNAPL contamination,
Mezhods for enhandng visual inspection of soil
sazipies for DNAPL inchude 1) shaking soil
sampies in a ar with water to separate the DNAPL
from the soil (18) and 2) a paint filter test, where
sol is placed in a filter funnel, water is added, and
the fiiter is examined for separate phases (11).

TABLES

Conditions that incizare potential for
DNAPL at site bases on concentraton data:
Condition 1:
Contaminant concenrations
in groundwater are >
* 1% of pure phase solubdiliry or
¢ 1% of effective sclubility if known

(see Worksheet 1, sege 8) .

Condition 2
Organic Conce
mg/kg(ef-.al t01%

ons on Sods are > 10,0001
of soil mass) (8).

ot

Condition 3:

Contaminant concentmations in
groundwater calcuiated from water/soil
pardtioning relaricnships and soil samples
are > pure phase sciubility or effective
solubility (see Wortsnast 2, page 6)

Condition 4:

Organic concenmaricns in groundwater
increase with dep:h (based on data from
wells screened at d:ferent depths).

Note: These conditioms should only be applied

for DNAPL-related cirmicals in Table 3, Page 3.

Characteristics
pmgrams trar@nconfirm
of DNAPL

TABLE 6

cf extensive Seld

L(¥severz.are presens,

select "NO™ %

Numerous meriionng wals

Muit-leve! sam;

Numerous organic chemica!
araiyses of soil samples a: diferent
depths using GC 2r GT, NS

methods.

Weil defined site satigarhy,
using a derse ner~ork of scii
borings, a cone peretrometer
survey, or geophvsical methods.

Pilot tests cr "early acton” projects

that indicate the amoun: of
pumping (number of pere veitines)
required for groundwater
remed.at:c'm. If ceater than wouid
be expected for a dissolved plume
alone then DNAFL may te acting as
a continuing source of orgarics to
the aquifer.

-

~e zTsence !
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Potential for Occurrence of DNAPL at Superfund Sites

Do Characterization Data Indicate Presence of
DNAPL? (Chart 2)

Docs Historical Use Indicate Presence of DNAPL?
(Chart 1)

Category

I Confirmed or high *
potential for
DNAPL at site.

- - -

n

The risk of sgreading contzminants inceases with the proximiry o a potental CNAPL zcne.
Spedal precaudons should be taken to ensure that drilling does not create pathways for
continued verdcal migration of free phase DNAPLs. In DNAPL zones, drilling should be

"s:\ended wl—.en a low-pemeability unit or DINAPL is first encountered. W els should be
installed with short screens (€ 5 feet). If: reguired, deeper drillinz through know DNAPL

nes should e cm..uc‘ef‘ anly by using double or =iple cased “wells to preven: downward

~igraton o DNAPL. Assome DNAPLs can penecate fractures as narrow as 1l ;icons,
specal care = ust be taken during all groutng, cementng, and w2l sealing acZ+ides concucted
in DNAPL zones.

The subsurface DNAPL dis—ibution may be difficit to delineatz accurately at scme sites.
DNAPL migrztes preferencally througn seiected :-a.hways (fractires, sand layes, etc) and is
aZected by small-scale chz::ges in the sratigraphy of an aquifer. Therefore, the Zl&mate path
taken by DNAPL cn be very difficult to characterize and precic:.

I~ ost cases, :‘-'.ne—g-z.'ned aquitards (such as clay or silt units) s>ould be assumed to permit
cownward —igraton of DN APL throu gh fractures unless prover otherwise in e fleld (3.
Driling in areas known to e DNAPL-free should he performed Sefore drilling ix DNAPL
zones in order to form a reliable conceptual model of site hydyegeology, ssatigephy, and
pcrentdal DNAPL pathwavs. In areas where it is difScult to form a reliable con\.evr.xal "\ocel
an "outside-in" strategy may be appropriate: drilling in DNAPL zones is avoidad or minimized
favor of delineating the outside plume (4). Many fractured rocx settings ma}' require this
approach to avoid opening further pathways for DNAPL migraZon during site assessment.

II Moderate potential -
for DNAPL at site.

Because the potential risk {or exacerbating groundwater contaminazon problems during drilling
through DNAPL zomes, the precautions described for Category [ should be considered during
site assessment. Further work should focus on determining if the site is a DN APL site.”

Il Low potential for
DNAPL at site.

DNAPL is not likely to be problem during site characterization, a~d spedal DNAPL precauzons
are probably not needed. Floating free-phase organics (LNAPLs?, sorption, and other factors can
complicate site assessment and remediation activides, however.

o]
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Worksheet 1: Calculation of Effective Solubility
((rom Shiu, 1988 and Feenstra, Mackay, and Cherry, 1991)

For a single camponent DNAPL, the pure-phase salubility of the organic constim-ent can be used to estimate the theoretcal
upper-level concentration of arganics in aquifers or for performing dissolution z culations. For mixed DNAPLs,
however, the effective solubility concept should be employed using the followirg relationship:

e

Si = the actual aqueous dissolved phase concentratan in mg/1

Xi = the mole fraction of component i i~ the DNAPL mixture (cbtained
from a laboratory analysis of a DNAPL sample)

Where

§. = the pure-phase solubility of compound i in mg/1 (usually obtained from
! literature sources)

For example, if a labaratory analysis indicates that the mole fraction of tichloroez~lyene in DNAPL is 0.10, then the effecdve
solubility would be 110 mg/!1 [pure phase solubility of TCE times mole fraction TCZ: (1100 mg/1) * (0.10) = 110 mg/1].

Effective solubilities can be calculated for all components in a DNAPL mixture. Some DNAPLs contain organic constituents |

that are practically insoluble, such as long-chained alkanes. These insoluble compcnents will reduce the mole fraction and
effective solubility of more soluble organics but will not contribute dissolved-phase organics to groundwater.

Worksheet 2: Method for Assessing Residual NAPL Based on Organic Chemical
Concentrations in Soil Samples (From Feenstra, MacKay, and Cxery, 1991)

To estimate f NAPLs are present in the soil, a partifoning calculaton can be a;;'_"ed based cr chemical and physical
analyses of soil samples. The method 2ssumes that all of the organics in the subs=~7ace ame either in the dissolved in

groundwater or adsorbed to soil (assu=ing dissolved-phase sorption, not the presence of NAPL). LR -

A - RS

B» using the concentration of crganics on the sci! and the partitioning calculatior, 2 caiculated Dore- ater concer'trano—\
of drgants in groundwater is determined. If the calculated pore-wates concentzzon is g'eam an the estmated
~ soiubility of the arganic constituent of interest, then DNAPL may be present at the site. For scm sa.mples collected in the

“[sarurated zone, the following calculatiors can be appiied (see Feenstra, MacKay, znd Crhemy (1991) for a full desciption

cf the methodology):

Step 1: Calculate S, , the effeczve solu=iiny of organic constiruent of interest. e Workshe2: |, above.

Step 2: Determine Koc, the organic carben-water parston coeffdent from -
A) Lirerature sources (such as 245 oo _— ’
B) Frem empirical relaZonships Szsed on Kow, the octanol-water pardcr coeiZden:, which is also found in the .77
literarure (24). For example, Koc can be estimated from Kow using the xo..ow-*z expression developed for N
polvaromatic hydrocarbons (13): )

/"_\—___—_—.’—‘—
Y~ Other empircz] relztionshi ps setween Koc
= Logkow 0.21 :
e arnd Koew are presented inref. 6 and 19.

Step 3: Determine foc, the fracon of orgaric carbon on the soil, from a laoorato" analvsis of cean soils ffom the site. -
Values for foc typically range fre= 0.03 to 0.00017 mg/mg (6). Convert vz ues reported in percent o mg/mg.

-
Step 4: Determine or estmate Db, the ¢ Sulk density of the soll, £om 2 soils anz vsis. Tvpicz. values range frcm 1.8 t0 2.0

g=s/cc (kg/l). Determine or es=ate ow, the watez-filled porosity. ' Ay
A% T
- .. - - . . . - - v +
Step 5: Determine Kd, the parzHon coeZZcent (also called the distribution coe&izant) berween the pore water "-N'
(groundwater) and the soil solics using: \/"'{ \“\\x, A
(Ct* pb)
Step 6: Using Ct, the measured soil che=: ud con centra:on in mg/kg, calculate Cw: = R ~ B
(Cw = calculated pore water conc. in mg /] assuming no DNAPL is presen:) Pb + ow), N
e \..\._le_ \ Q? ’Ti'v
[ H i T - Y‘A P , by
Step 7: Compare Cwand S} (rom Step 1) Cw > S; indicates possible presence of DNAPL - AW
e . S g :
Cw < S indicates possible absence of DNAPL e e
o == '

|

6




GLOSSARY (dapted from Crerry, 1991):

DNAPL: A Dense Non-aqueous Phase Liquid. Also known as free product or a sinking plume (sinker).
DNAPL ENTRY LOCATION: The area where DINAPL has entered the subsurface.
DNAPL SITE: A site where DNAPL has been released and is now present in the subsurface as an isumiscble phase.

DNAPL ZONE: The portion of a site affected by free-phase or residual DNAPL in the subsurface (either the vadose zone
or saturated zone). The DNAPL zone has arganics in the vapor phase (unsaturated zone), dissolved phase (both
unsaturated and saturated zone), and DNAPL phase (both unsaturated and saturated zone).

DISSOLUTION: The process where soluble organic components from DNAPL dissolves in groundwater or infiltration
and forms a groundwater contaminant plume. The duration of remediation measures (either clean-up or containment) is
determined by the 1) the rate of the dissolution process that can be achieved in the field, and 2) the mass of soluble
components in the residual DNAPL trapped in the aquifer.

EFFECTTVE SOLUBILITY: The actual aqueous solubility of an organic constituent in groundwater that is in chemical
equilibrium with a mixed DNAPL (a DNAPL containing several organic constituents). The effective solubility of a
particular organic chemical can be estimated by multiplying its mole fraction in the DNAPL mixture by its pure phase
solubility (see Worksheet 1, page 7).

FREE-PHASE DNAPL: Immiscble liquid existing in the subsurface with a positive pressure such that it can flow into a
well. If not trapped in a pool, free phase DNAPL will flow vertically through an aguifer or laterally down sloping
fine-grained stratigraphic units. Also called mobile DNAPL or continuous phase DNAPL.

PLUME: The zone of contamination containing organics i the dissolved phase. The plume usually will originate from
the DNAPL zone and extend downgradient for some distance depending on site hycrogeologic and chemical conditiuns.
To avoid confusion, the term "DNAPL plume” should not be used to descibe a DNAPL pool; “plume” should be usec only
to refer to dissolved-phase orgarics.

POOL and LENS: A zone of free-phase DNAPL at the bottom of an acuifer. A lens is a pool that rests on a fine-grained
statigraphic unit of limited areal extent. DINAPL can be recovered from 2 poci cor lems if a well is placed in the right
locasor.

RESIDUAL: Immiscble phase iguid held in the pore spaces or fractures by capillary forces (negative pressure on
DNAPL). Residual will remain T2pped within the pore of the porous media urless :e viscous forces {caused by the
dynamic force of water against the DNAPL) are greater than the capillary forces holding the DNAPL in the pore. Atmost
sites the hydraulic gradient required to mobilize all of the residual tapped in an aguifer is usually much greater than can
be procuced by wells or trenches 27).

RESIDUAL SATURATION: The Zaction of available pore space containing residual DNAPLs, or the saturaton level
where See-phase DNAPL becomes residual DNAPL (18). In the vadose zone, resicual saturation range up to 20% of total
pore volume while in the saturared zone residual saturations range up to 30% of to=! pore volume.

Defined Areas ata DNAPL Site

DNAPL Zone
{containing free-phase DNAPL in pools ¢
or lenses and/or residual DNAPL)

Dissolved Phase Plume

DNAPL Entry Location
(such as a former waste pend)

Crourndwater Flow Direction
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